Introduction

Fig. 1 128
The resultant moments at the ankle joint were calculated using inverse dynamics and the 129 compensation of moments due to gravitational and compression forces was done for all 130 subjects before each plantarflexion contraction (Arampatzis, et al. 2007; Karamanidis and 131 Arampatzis 2007). To calculate the lever arm of the ground reaction force acting about the 132 ankle joint during plantarflexion contractions, the point of force application under the foot 133 was assessed via dynamometry (see Fig. 1 ). In order to do so, the reaction forces under the 134 foot during contraction were determined by three strain gauge load cells fixed at predefined The elongation of the GM myotendinous junction during contraction (see Fig. 2 ) was visually 149 reproduced using a 7.5 MHz linear array US probe (fixed linear array frequency) and stored 150 on the US device at 73Hz (Aloka α7, Tokyo, Japan). The probe was fixed at the 
167
The start of the tendon tracking procedures were defined as when AT force was zero and 168 ended when maximal tendon force was reached. AT force was calculated by dividing the proposed by Scholz et al. (2008) . Concerning tendon stiffness assessment for each tracking 173 method, we used the method described previously (Karamanidis et al. 2014) . Briefly, tendon 174 elongation due to the inevitable ankle joint rotation during contraction (Magnusson et al. 175 2001) was calculated using the tendon excursion method (An et al. 1983; Maganaris 2000) by 176 multiplying the estimated moment arm with the ankle joint angular rotation during 177 contraction. In this way, the actual tendon elongation due to the exerted tendon force could be 178 estimated. The stiffness of the tendon was calculated as the ratio of the increase in the calculated tendon force and the increase in the tendon elongation from 50 to 100% of the 180 maximum tendon force (Karamanidis et al. 2014 and digitized the US videos frame by frame from rest until maximal tendon force (Fig. 2) .
189
This lead to one set of manually tracked data for each of the 132 US videos. All manual for tracking the template T 1 (x) = I 0 (x) in image I n (x), by ω n (x).
211
The equation of the warp can be anything from a very simple translation W(x;p)=
212
( 1 + 1 , 2 + 2 ) , if we have a planar non rotating object moving, to a complicated affine 213 or even non-linear transformation.
214
For a realistic map of the 3D movement of tendon we restrict ourselves to a set of affine well described by an isotropic scaling transformation.
224
The only requirement for the set of warps is that they are differentiable with respect to the 225 warp parameters. Schreiber (2007) introduced an algorithm as an extension to the inverse 226 compositional algorithm that uses a fixed template. The goal of this was to find the best match 227 to the template in the subsequent frame, and update the template in every step. The initial 228 function that has to be minimized is:
where minimization of the above expression is performed with respect to = ( 1 , … , 6 ), and 231 the sum is performed over all the pixels of the template.
232
After a 1st order Taylor expansion on ( ( ; ) + ∆ ), and the introduction of robust 233 weights, the least squares solution is:
and the Hessian:
The robust weights are fixed, so the Hessian can be pre-computed.
237
Schreiber (2007) also uses a cumulative error function:
where , is an adaption rate parameter with a typical value of 0.1.
240
After calculating the cumulative error function, the robust weight are updated as with respect to ∆ , and then update the parameters as + ∆ iteratively.
273
After performing a first order Taylor expansion the expression to be minimized becomes The partial derivative of the expression in Eq. (9) with respect to ∆ is:
(Eq.12)
287
Setting the previous expression equal to zero and solving for ∆ , gives us the minimum ∆ .
288
∆ = − (∑[∇ ( ) ( )] [∇ ( ) ( )] + [ ] [ ])
−1
× (∑[∇ ( ) ( )] [ ( ) − ( ( ; ))] + [ ] )
(Eq.13) 
Compute (∑ [∇ ( ) ( )] [ ( ) − ( ( ; ))] + [ ] ) ∆ = − (∑[∇ ( ) ( )] [∇ ( ) ( )] + [ ] [ ])
× (∑[∇ ( ) ( )] [ ( ) − ( ( ; ))] + [ ] )
(Eq.14)
9. Update ← + ∆ Schreiber's algorithm vs. modified algorithm) as follows:
where is the elongation of the tendon in millimeters at the frame number of a certain data 321 set. , is the elongation of the tendon in millimeters, at the frame number of the same video 322 of another data set, and n is the total amount of frames. Additionally, the mean jumps for due to raw data not usually being available from commercial US devices, future studies could 476 try to use and analyse the radio frequency data. Another consideration is that we did not 477 precisely control the rate of torque development and/or the time to reach peak joint moment 478 during each ankle plantarflexion contraction. As a consequence, the number of US frames 479 analysed for all examined 132 US videos ranged between 231 (minimum) and 700
480
(maximum) frames. However, as we used the same time region of interest for each video for 481 all three methods, our main findings with respect to the comparison between tracking 482 techniques will not be influenced. Fig. 3 shows that our method cannot eliminate noise- by the three methods.
